Coronal slice non-contrast CT scan demonstrating Gore-Tex implant in situ with optimal medialisation of right vocal cord.
Introduction
Thyroplasty has been increasingly utilized as a technique to treat glottic insufficiency over the last 20 to 30 years (1) . Although its roots can be traced back as early as 1911, when Brunnings documented one of the first attempts to repair vocal cord palsy, the difficulties in ensuring safety and short-and long-term efficacy of the procedure has led to its variable popularity in the past (2) . It was only in 1974 when Isshiki and associates described what is now known as type I thyroplasty that the concept truly gained traction (3) . Although the concept of inducing external medialisation of the vocal cord had been previously proposed by Payr in 1915 (2) , unpredictability in the degree of vocal fold displacement had meant that this technique had been largely superseded by percutaneous injection techniques. Percutaneous techniques, however, were predominantly temporary therapies, and also had their complications, including foreign body reactions and granuloma formation (4, 5) .
The original technique as outlined by Isshiki and associates involved creating a window in the anterior thyroid cartilage ala under local anaesthetic and inserting a silicon implant into the paraglottic space, ensuring preservation of the perichondrium. Since that time, there have been various modifications, including the use of GoreTex strips (stretched polytetrafluoroethylene. W.L. Gore and Associates, Inc., Flagstaff, AZ, USA) to allow for a more dynamic and fine-tuned medialisation, and the combination with other phonosurgical techniques, such as arytenoid adduction and reinnervation procedures (2) . Aside from providing real-time adjustable medialisation (compared with silicone implants which either come pre-moulded or require intra-operative moulding), Gore-Tex strips have the advantage of delivering both anterior and posterior medialization with a smaller thyrotomy window.
Traditionally, phonological feedback has been the predominant method of determining the degree of medialisation provided. However, this is often influenced by localised oedema and blood which makes estimation of medialisation difficult and creates undesirable post-operative glottic insufficiency following oedema resolution. The introduction of flexible fibreoptic or video-nasendoscopy has allowed for inspection of the larynx and vocal fold alignment prior to procedure, and confirmation of vocal fold alignment at the conclusion and at time of follow-up. This requires an extra assistant to position the scope, and hold it in place for the duration of Gore-Tex insertion to assess the degree of medialisation provided. Combined with phonatory feedback, functional and anatomical optimisation can be achieved and potential complications reduced.
Methods
A modification to the technique of awake type I thyroplasty is described, which allows for the entire procedure to be performed by a single operator, with both phonological and visual endoscopic feedback throughout the entire case.
The patient is laid supine at the commencement of the procedure and co-phenylcaine applied to the nasal passages and throat for nasal decongestion and topical
Specialty Techniques
The suspended endoscopy technique (SET) for intra-operative assessment in awake type I thyroplasty-how I do it anaesthesia of the nasal cavity and larynx. A flexible fibreoptic nasendoscope is then positioned in place with optimal view of the larynx and vocal cords, and suspended about an overhanging hook and fastened securely with a firm holding clip (Figures 1,2 ), or even a cable tie so as to not allow for accidental release from its suspended position and avoid harm to the patient. The nasendoscope should be suspended at a height just above the supraglottis, avoiding irritation and induction of the cough or gag reflex. The lead of the nasendoscope is inserted into a camera stack placed across from the surgeon. A top drape is suspended from two drip stands to separate the sterile field from the non-sterile field. The operator can then undergo surgical scrub for the duration of the procedure.
Following initial setup and preparation of the incision site, a window is created in the anterior thyroid cartilage under local anaesthetic. Gore-Tex strips are inserted with continuous phonatory and endoscopic visual feedback. Vocal fold alignment is then checked prior to concluding the procedure.
Other adjuncts to this technique include the use of a nasopharyngeal airway to assist nasendoscope passage, as well as a simple Hudson mask with a small window fashioned (to allow for entry of the scope) for patients who may require intraoperative oxygen supplementation (Figure 3) .
Patients also receive speech therapy before and after the procedure, to reduce secondary muscle tension dysphonia (supraglottic compensatory hyperfunction).
This method of type I thyroplasty was adopted in 10 pilot cases over the course of 1 year at our institution (Westmead Hospital, Sydney, Australia). Patients were initially reviewed in voice clinic with flexible fibreoptic nasendoscope and strobe to confirm the presence of unilateral vocal cord palsy. Patients were deemed suitable for trial of the suspended endoscopy technique (SET) if they were able to tolerate Aust J Otolaryngol 2018;1:15 www.TheAJO.com fibreoptic nasoendoscopic examination in clinic, and if they were considered to be able to lie still for the duration of procedure. All patients who met this criterion in the 1-year period were included in the trial. Standard parameters for type I Thyroplasty, including patient age, gender, duration of vocal cord palsy, cause of vocal cord palsy and presence of prior vocal cord injection were obtained. Maximal phonatory time (MPT) was also recorded by measuring the longest duration a vowel sound could be sustained on serial testing (three times). Laryngeal EMG was used to confirm absence of vocal cord neuromuscular activity in some cases, but was not used in cases where the clinical likelihood of nerve palsy was high, or where the procedure was done for palliation (e.g., lung carcinoma).
Intra-operative complications including poor patient tolerance of the fibreoptic nasendoscope, dislodgement of and damage to the scope were specifically sought after.
Patients were reviewed again in voice clinic 3 months post-operatively for repeat MPT measurement to assess efficacy of procedure. Need for revision surgery was also recorded.
Results
In the 10 pilot cases performed at this institution, this technique has been found to be safe and efficient. No complications or unanticipated events have been noted.
Results are presented in Table 1 . The post-op mean MPT was 14 s, compared with a preop mean of 4.3 s. No cases required revision surgery at time of last follow-up.
Figures 4 and 5 demonstrate radiological evidence of optimal Gore-Tex placement following our technique of type I thyroplasty.
Discussion
Flexible fibreoptic nasendoscopy was introduced to thyroplasty as a method for examining the larynx and assessing vocal fold position prior to procedure, and for confirming position post-implantation. There are significant benefits conferred by using endoscopy intraoperatively: visual feedback of vocal fold position during the procedure allows for adjustment of Gore-Tex placement, and overcomes the erroneous estimation of medialisation from using phonological feedback alone. The main advantage of the SET over previous methods is the continuous visual endoscopic feedback provided throughout the procedure without the need for an additional assistant trained in flexible nasendoscope placement. This is important in settings where the surgeon is the sole operator, as is common in many private arrangements, or in under-resourced areas and peripheral hospitals. Furthermore, visual feedback throughout the case allows for prevention of overuse of implant material and incorrect placement which can lead to implant extrusion, partial airway obstruction and breathing difficulties (6, 7) . Complications such as haematomas can also be detected early.
In practice, no events of scope dislodgement or damage to the nasendoscope when suspended in this manner have been noted.
The procedure requires a compliant patient who can remain still for the duration of the case and tolerate a nasendoscope in situ. Careful patient selection is thus important, and there have been no issues with patient tolerance noted so far.
This technique offers a convenient adjunct to the current method of type I thyroplasty. It is of low cost, and utilizes instruments and resources which are already readily available in most ENT departments. Although not the focus of this paper, the results of the parameters tested show that this technique is effective (mean improvement in MPT 9.7 s) and comparable to previously published data on voice post standard type I thyroplasty (8) (9) (10) , with no additional complications.
Conclusions
We recommend that the SET may be used for intraoperative assessment for routine awake type I thyroplasty.
